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Method for manufacturing of light emitting device with composed 

chemical semiconductor 

[0001] This Nonprovisional application claims priority under 35 U.S.C. 
§ 119(a) on Patent Application No. 10-2003-0014381 filed in Korea on March 7, 
2003, the entire contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a method for manufacturing flight- 
emitting device with a_compound semiconductor and more particularly, a method 
for manufacturing a light-emitting device with a Group III - V compound 
semiconductor for increasing a__light-emitting efficiency or long durability of 
elements, by conducting ef-a heat-treatment at ajower temperature than done at 
in the conventional art, i.e. activating a_p-semiconductor layer under the condition 
of high oxygen density, which idea is derived from the well known fact that on the 
higher oxygen density, the better semiconductor layer doped with p-type such like 
p-GaN can be activated. 

Description of the Background Art 

[0003] Generally, Tfrethe Group III - V compound semiconductor as a kind 

of a direct transition type, has a_high light-emitting efficiency so the semiconductor 
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is used vefy-widely for light-emitting elements such likeas diode elementsjlaser 
diode elements), photodetectors (solar battery, optical sensors), electronic 
devicesjtransistor, power device) and so on. 

[0004] A method for manufacturing o f sa i d the Group III - V compound 

semiconductor has three methods which are MBE (Molecular Beam Epitaxy), 
MOVPE (Metal Organic Vapor Phase Epitaxy), and HVPE (Hydride Vapor Phase 
Epitaxy). 

[0005] Particularly, the MOVPE method has been used widely as a method 

for manufacturing a Group III - V compound semiconductor because it can 
acheive a«a uniformed Group III - V compound semiconductor with a«da high 
quality. Fig. 1 shows a light-emitting element manufactured following the 
conventional art of MOVPE. 

[0006] As shown in Fig. 1, the conventional light-emitting elements of the 
Group III - V compound semiconductor has a Gallium-Niride layer(n-GaN)(11) 
doped with n-type on the top of a sapphire substrate (10) and an activated layer 
(12) is formed thereon. The p-GaN doped with p-type_(13) is formed on the 
activated layer (12) and a part of the n-GaN layer (11) b e com e to b e j s exposed 
and the n-pad electrode (15) is formed thereon Ti _ Further, a transparent electrode 
(14) and the p-pad electrode (16) for extending an electric current is formed in 
sequence on the top of saidthe p-GaN layer (13). 

[0007] The said-Group III - V compound semiconductor formed as above, 

especially the p-GaN layer 13 is conduct i ng o f formed with a heat-treatment under 
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the condition of Nitrogen and Oxygen a tin the conventional art because it frav ehas 
to be formed with a high hole concentration. 

[0008] For example, if the p-GaN doped with p-type wit frusing Magnesium 

is formed by the MOCVD method, ajnagnesium accepter cannot be activated but 
rather is combined to a hydrogen so that a neutrality complex, Mg-H is formed-by. 
In order to prevent th e sa i d matt e r this, a_high heat treatment mak eis used to break 
Mg-H's bonding cut and th e n i t mak e s Hydrog e n which was comb i n e d to 
magnes i um w ill bo out . 

[0009] However, the high-temperature treatment needs tet sa lot of thermal 

energy. Also A i t occurr e d several problems occur such as a deterioration and a 
deformation of the said-Group III - V compound semiconductor so the durability 
and light-emitting efficiency of the light-emitting elements is decreased. 

SUMMARY OF THE INVENTION 
[0010] The object of the present invention is to provide a method for 

manufacturing ajight-emitting device with a_compound semiconductor in order to 
solve the above problems. 

[0011] The present invention is a method for manufacturings light-emitting 
device with a compound semiconductor compr i sing; a f i rst st e p — e fincluding 
forming an n-semiconductor layer, an activated layer, and a p-semiconductor layer 
in order on toe-top of a double substrate, a second st e p of making a part of the n- 
semiconductor with thata mesa-cut in a vertical direction from athe p- 
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semiconductor layer to a part of the n-semiconductor, a th i rd st e p of f orming a 
transparent electrode for extending an electric current on the top of the p- 
semiconductor layer and activating the p-semiconductor layer under the condition 
of an oxygen plasma, and a fourth st e p of f orming e ach of th ean n- pad electrode 
and the-p-pad electrode on the top of the transparent electrode for extending an 
electric current. 

[0012] SaMThe double substrate is preferably a sapphire substrate. Also, it 
is 0fefe fpreferable that the p-semiconductor and the n-semiconductor layer is a 
Group HI-V compound semiconductor, especially a GaN layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] The invention will be described in detail with reference to the 
following drawings in which like numerals refer to like elements. 
[0014] Fig. 1 shows a light-emitting element manufactured following the 

conventional art of MOVPE. 

[0015] Fig. 2a to Fig. 2e show the sequence of a method for manufacturing 

a light-emitting device according to ef-preferred embodiments of the present 
invention . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0016] Preferred embodiments of the present invention will be described in 

a more detailed manner with reference to the drawings. 
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[0017] The present invention is a method for manufacturing light-emitting 
device with compound semiconductor comprising ; a f i rst st e p of forming an n- 
semiconductor layer, an activated layer, and a p-semiconductor layer in order on 
the top of a double substrate, a s e cond st e p of making a part of the n- 
semiconductor with that a mesa-cut in the vertical direction from a p- 
semiconductor layer to a part of the n-semiconductor, a th i rd st e p of forming a 
transparent electrode for extending an electric current on the top of the p- 
semiconductor layer and activating the p-semiconductor layer under the condition 
of an oxygen plasma, and a fourth st e p of forming e ach of th ean n- pad electrode 
and tbe-p-pad electrode on the-top of the transparent electrode for extending an 
electric current. 

[0018] First of all, a method for manufacturings light-emitting device with a 

compound semiconductor according to the present invention, is to fee-grown Epi 
as forming an n-tvpe compound semiconductor layerjn-semiconductor layer), an 
activated layer, and a p-type compound semiconductor layer_(p-semiconductor 
layer) in order on the top of the double substrate by-using ef-a method of MOVPE 
growth. 

[0019] And then, a part of the n-semiconductor layer is m a d e exposed by a 

mesa-cut in a vertical direction of the semiconductor which is from the p- 
semiconductor to the part of the n-semiconductor. 

[0020] After that, a transparent electrode for extending an electric current 

which is made by a metal material is— formed on the— top of saidthe p- 
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semiconductor layer and , conduct of th e heat-treatment is conducted for the p- 
semiconductor layer's activation at th e sam e t i m e wh e n a causing the p- 
semiconductor layer to omic-connect to the transparent electrode. 
[0021] At that time, basod on th e fact that because the p-semiconductor 
layer can be better activated mor e under the condition of thea higher 02 density, 
the p-semiconductor layer is activated under the condition of Oxygen plasma Ion 
not li k e th e conv e nt i onal art i nst e ad o f rather than using an Oxygen molecule or 
Nitrogen molecule like in the conventional art . 

[0022] Accordingly, if the p-semiconductor is activated under the condition 
of an Oxygen or Nitrogen Molecule, H2 can be out under the condition of molecule 
as to be separated from the used material when the p-semiconductor layer is 
grown. 

[0023] And, i t was n e c e ssary l ots of en e rgy b e cause i t hav ein_Jhe 
conventional art, a lot of energy was necessary to conduct of-the heat-treatment at 
600 °C instead of H20 and H2 of being out easily afte r being changed 02 to 
Oxygen Ion. 

[0024] So, if maintaining the condition of Oxygen at ajow temperature, 

H20 can be out easily and unnecessary energy cannot b e is not wasted. 
[0025] 4fln the p-semiconductor layer be-activated under the condition of 02 

plasma according to the present invention, the p-semiconductor layer can be 
better activated b e tt e r compar i ng w i th compared to the conventional art which 
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mak e s i t act i vat e d activates the layer at a_high temperature, and i t can b e sav e d 
the unnecessary thermal energy waste can be saved . 

[0026] After the p-semiconductor layer is activated through the heat- 
treatment, a n-pad electrode is formed on tbe-top of the n-semiconductor layer for 
a wire bonding and a p-pad electrode is formed on tbe-top of the transparent 
electrode. 

[0027] Accordingly, as to b e activat e d a because the p-semiconductor layer 

is activated under the condition of the oxygen plasma at low temperature 
compar i ng w i th th e conv e ntiona l art , a durability or an efficiency of the light- 
emitting element can be increased compared to the conventional art . 
[0028] Fig. 2a to Fig. 2e show the sequence of Preferred embodiments. 

[0029] At the preferred embodiment, a semiconductor layer is described as 
a Group lll-V compound semiconductor layer, especially a n-semiconductor 
described "n-GaN", a p-semiconductor described "p-GaN", and a double substrate 
described sapphire substrate. 

[0030] First of all, Fig. 2a shows the growth of an n-GaN 21 layer , an 

activated layer 22, and a p-GaN layer 23 on the-top of a sapphire substrate 20 as 
fo ll ow e d of th e m e thod o f using the MOVPE growth method . 
[0031] And then, a part of the n-semiconductor layer 2321 is mad e exposed 

by a_mesa-cut in a_vertical direction ef-from the p-semiconductor layer 23 to the 
part of the n-semiconductor layer 21 as described in Fig. 2b, and a transparent 



OurRef. No.: PO2003-57-LGCIT/US 
Substitute Specification - Marked 

-8- 

electrode 24 for extending an electric current,, which is made by a metal material 
is formed on the top of saictthe p-semiconductor layer 23 as described Fig. 2c. 
[0032] After that, it conduct e d of th e heat-treatment at the same time when 
the p-semiconductor layer 23 om i c - conn e ct omic-connects to the transparent 
electrode 24 for the p-semiconductor layer's activation. 

[0033] At that time, it occurs high resistance occurs because a p-type 
douse's acceptor such tik eas a magnesium acceptor is combined with Hydrogen. 
So in order to cut the above bonding in the present invention, i t conducts of th e 
heat-treatment is performed under the condition of oxygen. 

[0034] I n th e r e su l t Thus , it is possible to conduct of th ea heat-treatment 

process at a lewlower temperature comparing with compared to the conventional 
thermal temperature of 600 °C and Hydrogen broken from acceptor can be out as 
the form of H20 bonding with Oxygen. 

[0035] When the abov e- sa i d above procedure is finished, an n-pad 

electrode 25 is formed on the top of the said— exposed n-GaN layer 21 as 
described Fig. 2d and p pad p-pad electrode 26 is formed on toe-top of the 
transparent electrode 24 as described Fig. 2e. 

[0036] As described hereinabove, according to the present invention, it is 
possible to reduce unnecessary thermal energy waste because rtthe p-type layer 
can be activated at ajow temperature as p - s e miconductor can b e act i vat e d under 
the condition of Oxygen. And it has an effect to increase of a durability and an 
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efficiency of the light-emitting element because the p-semiconductor layer can be 
better activated-bettef . 

[0037] The invention being thus described, it will be obvious that the same 

may be varied in many ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included within the 
scope of the following claims. 



